Background It is commonly assumed that low socioeconomic levels are associated with greater exposure to pollution, but this is not necessarily valid. Our goal was to examine how individual socioeconomic characteristics are associated with exposure levels in a Spanish region included in the INfancia y Medio Ambiente (INMA) cohort. Methods The study population comprised 430 pregnant women from the Asturias INMA cohort. Air pollution exposure was estimated using land-use regression techniques. Information about the participants' lifestyle and socioeconomic variables was collected through questionnaires. In multivariate analysis, the levels of NO 2 and benzene assigned to each woman were considered as dependent variables. Other variables included in the models were residential zone, age, education, parity, smoking, season, working status during pregnancy and social class. Results The average NO 2 level was 23.60 (SD=6.50) μg/m 3
INTRODUCTION
Air pollution is a great hazard in the developing and developed world 1 2 and has been linked to a wide array of harmful effects on health. [3] [4] [5] [6] Even moderately or relatively low levels of pollutants can still negatively affect health. 7 The first stages of human development are the most sensitive ones to environmental agents. 8 9 Environmental exposure begins at conception and plays an important role in fetal growth [10] [11] [12] [13] as well as later, during infancy, in the development of respiratory diseases 14 15 and adverse neurological effects. 16 17 In addition to environmental exposure and the possible presence of contaminants in food, children can suffer the consequences of harmful atmospheric substances that reach the fetus through the mother's exposure to them. 18 Environmental exposure in utero or during the early stages of life is associated with neurological, immune and sexual development problems. [19] [20] [21] The physical, cognitive and psychosocial development of children from conception to adolescence thus requires non-polluted environments. 22 To understand the effect of air pollution on child health, it is necessary to obtain information about the role of important environmental contaminants during pregnancy and childhood, as well as the effects they have on growth and development. 23 It is imperative to assess and reduce the exposure of children to environmental hazards from the moment of conception through adolescence, taking into account important environmental contaminants, susceptibility and lifestyle or activity patterns.
Socioeconomic inequalities in health are well understood, [24] [25] [26] [27] [28] particularly in maternal and child health. 7 Further, a lower socioeconomic level is conventionally associated with greater atmospheric pollution exposure. 27 29 However, this does not always appear to be the case. Recent studies demonstrated different directions and associations for different pollutants and populations. Some studies have identified greater exposure to air pollution among more deprived people. Thus, Chaix et al 30 reported environmental injustice in Sweden. Similarly, Naess et al 31 found air pollution exposure associated with neighbourhood-level deprivation. In the same way, Havard et al 32 demonstrated socioeconomic disparities in traffic-related air pollution exposure in France. Similarly, Rotko et al 33 pointed out that people of lower occupational status, as well as the less educated and young population in Finland, had greater exposure than those of upper occupational status and the more educated and older population. Also in Spain, Llop et al 34 observed greater air pollution exposure to those belonging to a lower social class (SC). Moreover, Wheeler and Ben-Shlomo 35 found that urban lower SC households in England were more likely to be located in areas of poor air quality, although the associations in rural areas were reversed. Furthermore, Briggs et al 36 reported environmental inequity in England but evidenced a wide variation of the associations depending on the pollutant chosen, the socioeconomic index studied and the geographic scale used. In this line, Stroh reported greater air pollution exposure for individuals with higher educational and occupational levels in the Netherlands. Therefore, it is essential to establish which socioeconomic characteristics are associated with exposure to environmental pollution in each particular geographical area and to understand how those relationships interact. 42 This will not only enable reduction of environmental inequalities according to the identified social factors, but will also allow correct adjustment of these social factors in epidemiological studies on the relationship between air pollution and health effects. 43 Airborne ultrafine and fine particulate matter is currently one of the principal air pollutant health concerns in urban areas. Vehicle exhausts are an important source of particulates, and they are consistently associated with mortality and morbidity. 44 45 Outdoor nitrogen dioxide (NO 2 ) is widely used to measure traffic-related air pollution, [46] [47] [48] and benzene, in addition to being a marker for the presence of other sources of pollution, 49 is also an indicator for traffic pollutants. 50 The aim of this study was to analyse the association between social factors and individual exposure to air pollution within the birth cohort of Asturias INfancia y Medio Ambiente (INMA: 'Environment and Childhood') in northern Spain. The specific objectives were to identify the degree of individual exposure to outdoor traffic-related air pollution and the level of exposure during pregnancy according to different social factors. We also aimed to identify which sociodemographic and socioeconomic factors contributed to higher NO 2 and benzene exposure levels during pregnancy. These findings could be helpful in improving child development and health and in developing preventive measures for certain diseases.
METHODS

Study population
The Asturias INMA cohort is a birth cohort study in Asturias (northern Spain); it is part of the INMA Project, which has studied pregnant women and their newborns since 2004. The Asturias INMA study area covers 483 km 2 , includes nine municipalities, and had a reference population of 154 634 inhabitants in 2007. The Asturias INMA area is an industrial zone, and the principal sources of air pollution are the aluminium, steel, glass and chemical industries as well as road traffic. 23 Currently, there are no studies with information about the relative contribution of the various sources of pollution in the area. However, what seems obvious is that the particulate and benzene exposure levels here are higher than those set by the European regulations partly due to the high percentage of diesel vehicles, and also due to the potential contribution of volatile organic compound emissions mainly by the steel industry.
The study protocol was approved by the Asturias Regional Ethics Committee and informed consent was obtained from every participating woman and her partner. The research conformed to the principles of the Declaration of Helsinki.
Participant recruitment and follow-up procedures for the INMA Project-a Spanish multicentre birth cohort study-have been reported elsewhere. 51 52 Briefly, the inclusion criteria were age ≥16 years, singleton pregnancy, enrolment at 10-13 weeks of gestation, no assisted conception, delivery scheduled at the reference hospital and no communication handicap.
In Asturias, 494 eligible pregnant women were recruited at their first routine prenatal care visit between May 2004 and June 2007 at the reference hospital, San Agustin (Avilés) and agreed to participate in the study. Four of these women had a spontaneous abortion or fetal death, 5 withdrew from the study and 485 delivered a live, singleton infant from May 2004 to August 2008. The study area covered the home addresses of all participants. Approximately 88% lived in typically urban areas and 12% in typically rural ones.
Air pollution exposure assessment
In the INMA Project, a protocol was designed to assess individual exposure during pregnancy to NO 2 and benzene as markers of outdoor air pollution from road traffic. 53 Ambient concentrations were measured using passive samplers (Radiello, Fondazione Salvatore Maugeri, Padua, Italy) distributed over the study area according to geographical criteria, taking into account the expected pollution gradients and distribution of participants' residences. The samplers were exposed during two 7-day sampling periods ( June 2005 and November 2005). The methodology has been described in detail elsewhere. 12 23 Briefly, 1-week measurements were carried out at 67 sampling sites in the two sampling campaigns. Concentrations of both sampling campaigns were averaged to represent the annual mean levels of each pollutant, and linear regression models were fitted for NO 2 and benzene using geographical characteristics (land coverage, altitude and distance to roads) as predictor variables. The best land-use regression (LUR) model was used to predict the outdoor NO 2 (R 2 =0.4) and benzene (R 2 =0.7) levels at unmonitored sites, including outside the participants' residences.
The individual NO 2 exposure was assigned as the estimated ambient NO 2 level at the home address which had been adjusted temporally using the daily NO 2 levels obtained from Principality of Asturias Air Quality Network stations covering the study area in order to obtain estimates for each woman's specific pregnancy period. Some stations in the study area also monitored the benzene levels, but they had a high degree of missing data. Thus, as in previous studies, 54 55 data from the monitored air pollutant that exhibited the best correlation in this area with benzene (SO 2 ) was used to adjust for seasonal variability of benzene. The same procedure was used to calculate air pollution exposure for each trimester of pregnancy. Changes in residential address during pregnancy were considered only when participants spent at least 2 months of the pregnancy period at the new residence, which occurred in 3% of cases.
Exposure to outdoor NO 2 and benzene was assessed for 482 of the 485 pregnant women in the study. Owing to the scarcity of geographical information for rural sites, women who lived farther than 1 km from a passive sampler were excluded. In urban areas, women who lived 2 km or more away from a sampler site were also excluded. Thus, the final study population comprised 430 pregnant women.
Sociodemographic variables
The participants completed a validated, detailed questionnaire about sociodemographic characteristics, environmental exposures and lifestyle variables twice during their pregnancy (weeks 10-13 and 28-32). 52 The questionnaires were administered via personal interviews by previously trained interviewers. The questions included maternal and paternal age, education, working status, occupation, country of birth, previous pregnancies, smoking history, residence zone and season of last menstruation.
In this analysis, the mother's highest education level was categorised into three groups: first 4 years of (compulsory) secondary education or less; further secondary or vocational education (high school) and university. The country of birth was categorised as Spain or other. Maternal SC was coded using the longest-held job during pregnancy or, if the mother did not work during pregnancy, the last job before the pregnancy. In the few cases of mothers never having worked, the last job of the father was used (n=16). Occupations were coded using the four-digit Spanish National Classification of Occupations (CNO94), 56 which is closely related to the international ISCO88 coding system. Five SC categories were created following the methodology proposed by the Spanish Epidemiological Society 57 : SCI included managers of companies with 10 or more employees, senior technical staff and higher-level professionals; SCII included managers of companies with fewer than 10 employees and intermediate-level professionals; SCIII included administrative and financial management supporting personnel, other self-employed professionals, supervisors of manual workers and other skilled non-manual workers; SCIV included skilled and partly skilled manual workers; and SCV included unskilled manual workers. Working status (working or not) was assessed in the first and third trimesters. Women were divided into four smoking categories: never smokers, smokers except during pregnancy; smokers during the first trimester but not after week 12 and still smoking after week 12. Parity was defined as the number of previous pregnancies that lasted at least 22 weeks; participants were categorised as women without children or women with one or more children.
Statistical analysis
We conducted a descriptive analysis of the population under study with regard to the sociodemographic and lifestyle variables considered (age, educational level, SC, working status, smoking, parity and country of origin), as well as season of last menstruation. Next, we performed a descriptive analysis of NO 2 and benzene levels as a function of the established social factors and used the Mann-Whitney and Kruskal-Wallis tests to compare differences in the distribution of NO 2 and benzene levels.
We chose which covariates to include in the analysis based on previous knowledge of their influence on maternal NO 2 and benzene exposure. We finally included the type of residential zone, residential building age, participant's age, parity, SC, country of origin, smoking, working status and educational level. Atmospheric pollution levels vary seasonally. Thus, we thought it necessary to adjust the multivariate model of NO 2 and benzene exposure by including the variable 'season of last menstruation'. We assumed that parity as a variable was possibly related to age and social status and therefore included it in the models. We also tested for collinearity between these variables and found none.
Association between exposure to residential outdoor NO 2 or benzene and social variables was assessed by means of linear regression for continuous variables. Two multiple linear regression models were then constructed; the dependent variables were outdoor NO 2 exposure and outdoor benzene exposure on a continuum. The models were made based on the variables with a level of significance of p<0.2 in the univariate analysis while those with a level of significance of p<0.1 were maintained in the model as part of the likelihood ratio test. SC and educational level were forced to stay in the regression models.
Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) V.15.0 for Windows and Stata V.8.0.
RESULTS
Of the women in the cohort, 83% lived in a town centre. Only 5% were under 25 years and 45% had completed secondary school. Most of them were born in Spain (96%). Study participants working in their third term of pregnancy accounted for 26%. The most frequent SC was SCIV (48%), followed by SCIII (21%). Regarding pregnancy history, 61% were primiparous. Over 50% of the participants were non-smokers (table 1) . When we sectioned the database based on residential type (rural vs urban), we obtained similar percentages for the above variables. Women in the cohort were geographically distributed with no differences relating to educational level or SC.
Estimated levels of NO 2 Multivariate analysis showed a low association between SC and lifestyle variables and variability in NO 2 and benzene levels. When considering NO 2 as the dependent variable, the regression model for all women in the study included the variables of residential zone, residential building age, education, SC, working status, smoking history and season of last menstruation; taking benzene as the dependent variable, the variables included were residential zone, residential building age, participant's age, education, SC, working status, parity, smoking and season of last menstruation (table 2). Adjusted R 2 was 0.27 in the first model and 0.09 in the second. Residential zone and age of the residential building accounted for most of the total variability of the models.
The variables included in the models were almost the same, and we obtained similar regression coefficients when we restricted the analysis to participants living in urban areas. However, since there was just one variable in each case, the outcomes were less clear when we assessed only women living in rural zones.
DISCUSSION
In the Asturias INMA cohort, the residential zone had an influence on the exposure to NO 2 and benzene. 23 The mean values estimated for participants in the study were 23.60 (SD=6.50) μg/m 3 for NO 2 and 2.31 (SD=1.32) μg/m 3 for benzene. Moreover, pregnant women who lived in urban areas were exposed to higher levels of air pollution, as evident in the NO 2 and benzene levels. In general, in terms of NO 2 levels, the study participants lived in a slightly polluted area; that was also true for benzene, except for some participants who lived near industrial areas (65% of whom belonged to the most disadvantaged SC). Education was not found to be associated with environmental exposure at home. SC, however, was slightly associated with benzene levels, although there was no definite trend.
Younger participants and those of lower SC tended to live in older buildings, and therefore younger participants were exposed to lower levels of benzene and those of higher SC to higher levels of this pollutant. Older residences are generally located farther away from industrial areas and are therefore less exposed to benzene. By contrast, there are more roads around older residences, and therefore the NO 2 levels are higher.
These results are in agreement with our findings in a previous investigation. 58 There, we identified quite weak associations between estimated NO 2 values and educational level and also between estimated NO 2 values and a socioeconomic index (based on occupation, calculated at the census tract level). In the present study, once we adjusted the models for sociodemographic and lifestyle variables, we found no association between air pollution and educational level and a very weak association between benzene levels and SC. This result corroborates those of recent studies in comparable populations, which found weak, inconsistent associations between socioeconomic variables and levels of exposure to environmental pollutants. 38 Similar approaches have been used to study social inequalities in Europe and produced different findings. 27 29 Some authors identified environmental disadvantages for more deprived people: for example, Chaix et al 30 found evidence of environmental inequality in Malmö, Sweden. Similarly, Llop et al 34 concluded that lower social status was associated with higher air pollution exposure in Valencia, Spain; however, as in the present study, they found no association between educational level and exposure. Likewise, Havard et al 32 recognised a positive association between deprivation and traffic-related pollution exposure in Strasbourg, France. Briggs et al 36 found evidence, albeit generally weak, of environmental inequities being related to social status in Britain. Rotko et al 33 identified greater air pollution exposures as being associated with lower occupational status and educational level in Helsinki, Finland. However, other authors have suggested the reverse relationship between air pollution and socioeconomic characteristics. Cesaroni et al 39 observed that areas with residents in high and medium socioeconomic positions tended to be more exposed to air pollution. Similarly, Hoek et al 41 determined that individuals living near a major road had slightly higher educational and occupational levels and were exposed to greater air pollution levels in the Netherlands. Therefore, we cannot prove with certainty that social deprivation results in higher pollution levels-at least in cities or rural areas in Europe that were investigated using a similar approach. The differences between European and American cities in their structure and SC distribution do not allow our results to be easily compared with US studies.
Although the relationship between air pollution and health effects is complex since different pollutants act simultaneously and the health risk depends on the type of chemical agent and the outcome of interest, it is clear that environmental hazards cause several adverse effects on health. 7 It is necessary, though, to gather as much information as possible about the behaviour of air pollution, particularly with regard to vulnerable population groups such as pregnant women and children in the present study; they may be affected by numerous problems 11 59 such as fetal growth restriction, 10 60 premature births, 61 62 low birthweight, [63] [64] [65] congenital malformation, 9 neurological problems 16 and asthma or allergies, 14 even resulting in death. 66 Including information about socioeconomic characteristics is very important because of its complex nature. 67 To lessen a population's exposure to adverse chemical substances, it is necessary to control source emissions. 68 It is also important to gather information from different scenarios: results from one area cannot always be extrapolated to other areas owing to differences in environmental characteristics, especially the availability and suitability of geographical data.
As a study limitation, it should be noted that we collected data from a comparatively small area: there was little variability and the residential areas were not so well defined. Therefore, we were not always able to find clear associations with statistical significance. Moreover, SC was self-reported, which could lead to some imprecision. Furthermore, it was not always obvious whether the factor 'SC' accurately represented the study participants' employment during pregnancy. Younger women often have lower status jobs or ones demanding lesser qualifications. Additionally, pregnant women or younger participants frequently purchased housing only shortly before the investigation, but that determined their residential location.
In studying disease outcomes, it is necessary to take into account the associations with educational level and SC as indicators of socioeconomic status if no income information is available. Along the lines of Forastiere, 40 we found no difference in susceptibility but different exposure with varying socioeconomic status.
It should be noted that NO 2 and benzene are considered as markers of toxic traffic-driven air pollutants rather than as potential causative agents themselves. Thus, another limitation of our study was that only NO 2 and benzene were measurednot ultrafine particles ( particularly the trace metal content of these particles) that seem to be the most harmful residential air pollutants. 20 44 45 69 Some strong points of this study are the prospective approach of the cohort, the estimation of individual exposure to traffic-related air pollutants based on temporally adjusted LUR models applied to geocoded home addresses, the technique of high predictive ability, [70] [71] [72] [73] and the separate study of urban and rural areas, where little is known on this topic. Furthermore, we determined the stability of exposure models 74 and found that our data were consistent with those obtained in similar areas. 38 75 76 As expected, the factor 'season of last menstruation' was associated with air pollution exposure. This also proves the coherence of the measure.
In conclusion, it is certain that epidemiological surveillance is needed to develop effective health protection policies for air pollution. Therefore, administrative agencies should monitor the environment of residential areas, regardless of the socioeconomic level: they should increase the distances of housing from polluting sources to avoid harming health. This study will help governments prevent environmental inequality and control the most contaminated areas using different programmes for environmental discrimination.
CONCLUSIONS
Education and SC are not associated with air pollution exposure. The Administrations should monitor areas close to pollution sources regardless of their social characteristics and prevent settlements at distances that carry a risk to the population's health.
What is already known on this subject?
▸ It is important to have as much information as possible about the role of the more important environmental contaminants during pregnancy and childhood in order to understand the effect of air pollution on child health. Socioeconomic inequalities in health are well established, particularly in maternal and child health.
What this study adds?
▸ This study is devoted in clarifying the association between social factors and individual exposure to air pollution in a birth cohort of northern Spain. It explores how the population is distributed with respect to socioeconomic characteristics and their exposure levels to NO 2 and benzene, and analyses the relationship between socioeconomic status and air pollution exposure. This study will help governments to prevent environmental inequality. Different programmes for environmental discrimination can be used to control the most contaminated areas.
